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Abstract—A cladistic analysis of several morphological traits commonly used in the identifica-
tton of melanopline grasshoppers was performed in order to investigate their phylogenetic utility
and to provide a basis for the eventual comparison with DNA-derived phylogenies.
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. .. at present the exact relationship of the many species is unknown”

A. R. Brooks 1958

Brooks’s statement regarding evolutionary relationships among members of the
genus Melanoplus Stal is still true today. The most striking feature of the sub-
family Melanoplinae, to which the genus belongs, is the vast array of shapes and
sizes of male genitallic parts (Brooks 1958). Melanoplines also differ in several
body characters (Vickery & Kevan 1986), egg and egg pod characteristics (On-
sager & Mulkern 1963), nymphal traits (Handford 1946), and isozyme patterns
(Chapco 1989). A few taxonomic keys exist (e.g., Brooks 1958, Vickery & Kevan
1986, Helfer 1987) which incorporate subsets of morphological features (partic-
ularly external male terminal structures), but to our knowledge, these traits have
yet to be analyzed from an evolutionaiy perspective. Since a goal of this labo-
ratory is eventually to construct a DN A-based evolutionary tree of melanoplines,
an analysis of conventional traits would be extremely useful for comparative pur-
poses. To this end, the results of a cladistic analysis of a small data set are
presented and the phylogenetic utility of characters used in taxonomic identifi-
cation examined.

MATERIALS AND METHODS

This study focuses on 11 species of melanopline grasshoppers, chosen on the
basis of the availability of local living specimens and taxonomic data in the lit-
erature. Species are: Melanoplus angustipennis (Dodge), M. bivitattus (Say), M.
confusus Scudder, M. dawsoni (Scudder), M. femurrubrum (De Geer), M. glad-
stoni Scudder, M. infantilis Scudder, M. packardii Scudder, M. sanguinipes (Fa-
bricius), Phoetaliotes nebrascensis (Thomas), and Hesperotettix viridis Scudder.
Ten characters frequently used in identification and representing a diversity of
biological features were selected (Table 1). The stability of the derived relation-
ships was examined by including additional traits, morphometric and electropho-
retic, to form a larger data set. Traits 11-20 are based on Guenther’s (1994)
analysis of several morphometric characters. Femur length is used as a surrogate
for “body size” (Harrison 1986), a legitimate taxonomic character (Simon 1983;
Maurer et al. 1992). Traits 13—20 are ratios of linear measurements and reflect
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Table 1. Characters and character states for melanopline grasshoppers.

151

Character States
1. Dorsal angle of ovipositor® 0 (<114°)
1 (114°-136%)
2 (>136%)

2. Micropyle of eggP

3. No. columns of eggs/pod®

4. No. eggs/pod®

5. Markings on outer face of
hind femora of late instars®

=)

Cerci type (males)?
7. Lateral surface of cerci (males)¢

8. Furculae lengthd

9. Antennal crescentd
10. Notch of eighth sternite (females)?

11. Body size (hind femoral L)¢

0 (not conspicuous),

1 (somewhat conspicuous),
2 (conspicuous)

0(2)

1(2or3)

2 (4)

0 (<16)

1 (16-30)

2 (>30)

0 (spotted)

1 (broken)

2 (solid)

0 (plain), 1 (elaborate)

0 (not spatulate)

1 (mildly to strongly spatulate)
0 (short)

1 (medium)

2 (long)

0 (divided)

1 (complete)

0 (very shallow to shallow)
1 (moderatc to deep)

six homogeneous sets

(coded 0-5)

12. No. of tibial spines? five homogeneous sets
(coded 0-4)

13. Hind femoral L/W4 seven homogeneous sets
(coded 0-6)

14. Hind femoral L/hind tibial L¢ five homogeneous sets
(coded 0-4)

15. Pronotal max W/min W¢ three homogeneous sets
(coded 0-2)

16. Prozonal L/metazonal L4 seven homogeneous sets
(coded 0-6)

17. Interocular D/epistomal suture L¢ three homogeneous sets
(coded 0-2)

18. Subocular fissure L/head W¢ four homogeneous sets
(coded 0-3)

19. Dorsal eye D/interocular D¢ four homogeneous sets
(coded 0-3)

20. Head W/pronotal L4 seven homogeneous sets
(coded 0-6)

21. Combinations of Ldh¢ alleles seven states
(coded 0-6)

22. Combinations of alpha-GPdhf alleles three states
(coded 0-2)

D, L, W = distance, length and width, respectively. Sources: a—Brooks (1958); b—Onsager &

Mulkern (1963); c—Handford (1946); d—Guenther (1994); e—Chapco (1984); f—Chapco et al.
(1987).



152 THE PAN-PACIFIC ENTOMOLOGIST Vol. 74(3)

shape characteristics of different body parts. Guenther (1994) showed that, unlike
linear characters, ratios vary little between sexes and geographic location and are,
therefore, expected to be more reliable. In any case, measurements in this study
were restricted to those of female insects collected within one large area in south-
ern Saskatchewan. Traits 21 and 22 are electrophoretic characters for which in-
heritance patterns have been previously established (Chapco 1984, Chapco et al.
1987).

For cladistic purposes, continuous traits were coded employing Simon’s (1983)
homogeneous subset coding scheme. This involved assigning an integral value to
a taxon according to its inclusion in a homogeneous subset. Subsets were estab-
lished by a posteriori multiple comparisons tests which, in the majority of cases,
were parametric. In a few situations (< 6%), continuous traits were not normally
distributed necessitating the use of non-parametric methods. Electrophoretic loci
were treated as separate characters with allelic combinations defining different
character states (Buth 1984). Cladistic analyses using the programs. MacClade
(Maddison & Maddison 1992) and PAUP (Swofford 1993), were applied to the
two overlapping sets of data. The “BRANCH AND BOUND?” search command
of PAUP was employed to find the tree or set of trees, explained by the least
number of character state changes. Since there was no a priori reason for con-
sidering any one species as an outgroup, a mid-rooting scheme available in PAUP
was adopted. Hence, no character state was regarded as ancestral or derived. The
reliability of putative associations was ascertained by the use of ‘‘decay indices”
(Donoghue et al. 1992). A decay index is the number of steps additional to the
number in the shortest tree(s) required to collapse a tree branch node. All char-
acters, except LDH (for which no transformation pattern was evident), were treat-
ed as ordered. To see what effect this might have, an analysis treating all char-
acters as unordered was also performed.

RESULTS AND DISCUSSION

Cladistic analysis of the 11 species X 10 character data set (Table 2) yielded
two equally parsimonious trees, each of length 29 and consistency index 0.55. A
majority-rule consensus tree is presented in Figure 1.1. Mid-point rooting iden-
tified two main clusters A and B, the former consisting of the 7 species: M.
angustipennis to H. viridis, and the latter consisting of the 4 species: M. bivitattus
to M. femurrubrum. Within A, pairs (M. angustipennis, M. packardii), and (M.
confusus, M. infantilis) emerge, and are strongly supported by decay indices of
6% and 6 steps, respectively. However, relationships among those pairs and re-
maining taxa in A are unresolved. Within B, the branching pattern (((M. bivitattus,
P. nebrascensis), M. dawsoni), M. femurrubrum) is indicated, but this structure
breaks down when all trees 2 steps greater than the most parsimonious trees are
considered. The distinction between clades A and B disappears in trees that are
4 steps longer than the shortest trees.

Relationships are modified if the 10 traits are treated as unordered (Fig. 1.2).
Parsimony analysis resulted in 17 equally parsimonious trees, each of length =
27 and consistency index = 0.60. Clades (M. angustipennis, M. packardii), and
(M. confusus, M. infantilis) are still retained, supported in each case by decay
indices > 3. The major difference from Figure 1.1 is the relocation of H. viridis
from group A to group B.
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Table 2. Character state data for 11 melanopline species. The 22 characters and their state codes
are described in Table 1; missing values are indicated by 7s.

Character number

1 1 1 1 1 1 1 1 1 1 2 2 2

Species® 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2
ang o o0 01001 1ro11®2?» 227272727272 727 73 2
biv 2 2 2 2 2 1 0 0 O 1 5 2 41 0 2 3 3 5 2 41
conf o1 o0o011 1111 313 312543551
daws 22 00 2 0 01 0 O0O0 3 3 3 4 4 4 2 2 6 21
fem 1 2 01 2 0 0 2 1 0 2 3 3 3 3 04 2 1 4 1 2
glad 1 0 061100 0 01 1 0O03 01 2 3 2 6 6 2
inf 1 1.0 01 1 0 O0OT11OOT1235 31118 720
pac 0o 0117001101503 302 4 4 3 1 3 2
sang 1 0o 0611001 004 2 2 3 2 04 3 1 3 1 1
Pn 22 01 2 0 00 OO0 2 2 42 6 5004 7 77
Hv 2 0 01 00001 0 40406036 4 090 7 7

(a) = listed as follows: ang = Melanoplus angustipennis, biv = M. bivitattus, conf = M. confusus,
daws = M. dawsoni, fem = M. femurrubrum, glad = M. gladstoni Scudder, inf = M. infantilis Scudder,

pac = M. packardii Scudder, sang = M. sanguinipes, Pn = Phoetaliotes nebrascensis, Hv = Hesper-
otettix viridis.

In the analysis of the expanded data set (Table 2), a single most parsimonious
tree of length 136 and consistency index 0.54 was obtained (Fig. 2.1). A few
comparisons with Figure 1.1 are worth noting. Support for the (M. angustipennis,
M. packardii) clade remains, which is not surprising since the expanded data set
for M. angustipennis is largely incomplete, although both species have identical
isozyme patterns. The association between M. confusus and M. infantilis has dis-
appeared, but now there is a strongly supported relationship between M. bivitattus
and H. viridis. The net result is that M. bivitattus and M. infantilis have reversed
their affiliations with A and B. The distinction between these major groups, how-
ever, is supported by a decay index of only one.

Treating all traits as unordered, 11 trees each of length 94 and consistency
index 0.78 were identified: a consensus tree is presented in Figure 2.2. It would
appear that there is considerable realignment of taxa with respect to Figure
2.1.

It is tempting, therefore, to conclude that little confidence can be placed in any
of the trees. Nevertheless, certain general features are evident if all four figures
are compared simultaneously. It can be seen that M. angustipennis, M. packardii,
and M. confusus are always separated from M. dawsoni, M. femurrubrum, and P.
nebrascensis, although relationships among members within each triad depend on
the data set and how characters are treated. Affiliations of the remaining taxa with
either group are inconsistent. A surprising consistent result is the intermingling
of the two non-Melanoplus species within each cluster. If true, the result might
put into question the monophyly of the major genus. It is also possible that the
internal placements of these two species are artifacts of mid-point rooting and
that the true root is along the branch leading to either species.

Most characters exhibit multiple character state changes (not shown) in different
branches of the trees. What this widespread homoplasy means is that none of the
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Figure 1.1. Majority rule consensus tree of two equally parsimonious trees, each of length 29 and
consistency index of 0.55, depicting relationships among 11 melanopline grasshopper species. Trees
are based on 10 (mostly) ordered characters used in taxonomic identification.

Figure 1.2. (Same data set with characters treated as unordered) Majority rule consensus tree of
17 equally parsimonious trees, each of length 27 and consistency index 0.60. Numbers on branches
in both figures refer to decay indices. Taxon abbreviations are defined in Table 2.

clusters can be defined by a unique collection of shared character states. Does
this imply, therefore, that the characters chosen for analysis are phylogenetically
inutile? While the goal of traditional Hennigian cladistics is to erect monophyletic
group on the basis of a set of derived traits that are mutually consistent, this is
not necessarily the focus of modern cladistics (Quicke 1993). With respect to our
data, one to several parsimonious trees, depending on the character set and or-
deredness of the characters, emerged. Some branches were robustly supported and
some weakly so. At the very least, these trees and assumptions underlying the
traits can serve as hypotheses which will be tested when DNA-based trees have
been obtained. Of particular interest are the male genitallic traits which may be
of significance with respect to speciation in this group (Otte 1981). A DNA de-
rived phylogeny will afford an opportunity for examining the evolution of such
characters.
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Figure 2.1. A single most parsimonious tree depicting relationships among 11 melanopline grass-
hopper species using all 22 traits. Tree length is 136 steps and consistency index is 0.54.

Figure 2.2. (Same data set with all characters treated as unordered) Majority rule consensus of 11
equally parsimonious trees, each of length 94 and consistency index 0.78. Numbers on branches in
both figures refer to decay indices. Taxon abbreviations are defined in Table 2.
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